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SUMMARY 
The s i g n i f i c a n c e  o f  hub f l e x l b i l i t y  i n  t h e  non l i nea r  s t a t i c  and dynamic 
analyses o f  Advanced Turboprop blades i s  assessed. The b lade chosen f o r  t h i s  
s tudy i s  t he  0.175 sca le  model of  the GE-A7-B4 Unducted Fan blade. 
ul f o r  coup l i ng  t h e  e f f e c t i v e  hub s t l f f n e s s  m a t r i x  t o  an MSC/NASTRAN f i n i t e  e l e -  
cn ment model i s  de f ined and v e r i f i e d .  A s e r i e s  o f  non l i nea r  s t a t i c  and dynamic 
analyses a r e  conducted on the  blade f o r  bo th  r i g i d  and f l e x i b l e  hub con f igu ra -  
w t i o n s .  Resu l ts  i n d i c a t e  t h a t  hub f l e x i b i l i t y  i s  s i g n i f i c a n t  i n  the  non l i nea r  
s t a t i c  and dynamic analyses o f  the  GE-A7-B4. 
analyses o f  o the r  blades, hub f l e x l b i l i t y  should always be considered. 
A procedure 
LD 
I n  o rder  t o  i n s u r e  accuracy i n  
INTRODUCT I O N  
Because o f  t he  p o t e n t i a l  f o r  very h i g h  p r o p u l s i v e  e f f i c i e n c y  a t  c r u i s e  
speeds up t o  Mach 0.8, advanced forms o f  t h e  p r o p e l l e r ,  c a l l e d  propfans, a re  
be ing  s e r i o u s l y  considered f o r  a i r c r a f t  p ropu ls ion .  To o b t a i n  maximum aero- 
dynamic and acous t i c  performance, the t r e n d  i n  advanced h i g h  speed p r o p e l l e r  
des lgn  has been toward t h i n ,  swept blades o f  compl icated s t r u c t u r a l  des ign 
( f i g .  1) .  
f u l  des ign  o f  propfans i s  i n  progress a t  t h e  NASA Lewis Research Center ( r e f s .  
1 and 2 ) .  
A research program t o  e s t a b l i s h  the  requ i red  technology f o r  success- 
Pa r t  o f  t h i s  e f f o r t  i s  t o  understand and p r e d i c t  t h e  s.Lructural  and 
dynamic behavior  o f  these b lades.  
element computer programs a r e  used t o  c a l c u l a t e  in-vacuum steady s t a t e  d i s -  
placements ( r e f s .  3 and 4) .  
Normal ly  t he  MSC o r  COSMIC NASTRAN f i n i t e  
To date,  most analyses have assumed t h a t  t he  blades a r e  r i g i d l y  a t tached 
a t  t h e i r  base ( f i g .  2 ) .  Th is  s i m p l i f i c a t i o n  makes b lade model ing eas ie r ,  b u t  
does n o t  a l l o w  f o r  t he  e f f e c t  o f  hub f l e x i b i l i t y  t o  be i nc luded  i n  t h e  ana l -  
y s i s .  
on propfan steady s t a t e  dlsplacement, f requencies,  and mode shapes. 
The purpose o f  t h i s  s tudy I s  t o  determine the  e f f e c t  o f  hub f l e x i b i l i t y  
The e f f e c t  o f  hub f l e x i b i l i t y  I s  eva luated by per fo rming  steady s t a t e  
displacement and frequency analyses on the  GE-A7-B4 Unducted Fan (UDF) b lade. 
S e l e c t i o n  o f  t h i s  b lade i s  based on t h e  a v a i l a b i l i t y  o f  an e f f e c t i v e  hub s t i f f -  
ness; cha rac te r i zed  by a 6 by 6 s t l f f n e s s  m a t r i x  corresponding t o  the  6 degrees 
o f  freedom of the  hub attachment po in t .  Unfor tunate ly ,  a f i n i t e  element model 
o f  t h e  hub i s  not a v a i l a b l e .  To incorpora te  t h i s  e f f e c t i v e  hub s t i f f n e s s  i n t o  
t h e  NASTRAN model, a procedure i s  developed f o r  coup l i ng  a symmetric s t i f f n e s s  
m a t r i x  t o  a NASTRAN f i n i t e  element model. V e r i f i c a t i o n  o f  t h i s  procedure, and 
a p p l i c a t i o n  t o  the  GE-A7-B4 UDF blade, I s  presented. 
PROCEDURE 
This  s e c t i o n  discusses t h e  coup l ing  procedure f o r  connect ing t h e  prop fan  
b lade t o  t h e  e f f e c t i v e  hub s t i f f n e s s  m a t r i x  us ing  t h e  c a p a b i l i t i e s  on NASTRAN. 
Once t h i s  procedure has been implemented, t h e  coupled blade/hub NASTRAN model 
can be used f o r  both t h e  l a r g e  displacement ( s o l u t i o n  64)  and t h e  normal modes 
( s o l u t i o n  63)  analyses ( r e f .  5 ) .  The coup l ing  procedure e n t a i l s ,  ( 1 )  d e f i n i n g  
a g r i d  p o i n t  a t  the b lade t o  hub at tachment l o c a t i o n  ( f i g .  3) ,  ( 2 )  connect ing 
t h e  g r i d  p o i n t  def ined i n  1 t o  t h e  b lade f i n i t e  element model, and ( 3 )  connect- 
i n g  t h e  g r i d  p o i n t  t o  t h e  e f f e c t i v e  hub s t i f f n e s s  m a t r i x .  
E i t h e r  an e x i s t i n g  g r i d  p o i n t  o r  a newly created g r i d  p o i n t  may be used 
f o r  d e f i n i n g  t h e  hub attachment l o c a t i o n .  
w i t h  t h e  at tachment l o c a t i o n ,  then a new g r i d  p o i n t  i s  n o t  requ i red .  Other-  
wise, a new g r i d  p o i n t  must be created.  I n  f i g u r e  3, a new g r i d  p o i n t  was 
created because none o f  t h e  e x i s t i n g  g r i d  p o i n t s  co inc ided w i t h  t h e  hub a t t a c h -  
ment l o c a t i o n .  
I f  an e x i s t i n g  g r i d  p o i n t  co inc ides  
A f t e r  t h e  g r l d  p o i n t  i s  def ined,  i t  i s  a t tached t o  i t s  ad jacent  g r i d  
p o i n t s  by r i g i d  bar elements (see r e f .  5 f o r  a d e s c r i p t i o n  o f  RBAR elements).  
I n  t h e  f i g u r e ,  f o u r  r i g i d  bar elements a r e  shown which connect t h e  new g r i d  
p o i n t  t o  f o u r  e x i s t i n g  g r i d  p o i n t s  on t h e  b l a d e ' s  f i n i t e  element model. The 
e f f e c t  o f  u s i n g  the r i g i d  elements i s  t o  c o n s t r a i n  t h e  new, and f o u r  ad jacent ,  
g r i d  p o i n t s  t o  d isp lace  as a r i g i d  body. This  causes a smal l  r e g i o n  o f  t h e  
f i n i t e  element mesh t o  be o v e r l y  s t i f f .  Since o n l y  a smal l  r e g i o n  i s  con- 
s t r a i n e d ,  t h e  o v e r a l l  c h a r a c t e r i s t i c s  o f  t h e  b lade w i l l  n o t  be a f f e c t e d .  
The e f f e c t i v e  hub s t i f f n e s s  m a t r i x  i s  incorpora ted  i n t o  t h e  b lade model 
by us ing  NASTRAN spr ing  elements (CELAS2 cards) .  Normal ly CELAS2 cards 
( f i g .  4 )  a r e  used t o  connect t h e  degrees o f  freedom o f  two unique g r i d  p o i n t s .  
For t h i s  a p p l i c a t i o n ,  t h e  s p r i n g  elements a r e  used t o  s p e c i f y  t h e  c o e f f i c i e n t s  
o f  t h e  e f f e c t i v e  hub s t i f f n e s s  m a t r i x .  This u t i l i z a t i o n  i n v o l v e s  connect ing 
spr ings f rom t h e  attachment g r i d  p o i n t  t o  ground, and u s i n g  s p r i n g  elements t o  
s p e c i f y  t h e  coup l ing  between t h e  degrees o f  freedom a t  t h e  at tachment g r i d  
p o i n t .  The CELAS2 spr ing  elements a r e  used f o r  t h i s  a p p l i c a t i o n  because t h e  
NASTRAN l a r g e  displacement s o l u t i o n  sequence ( s o l u t i o n  6 4 ) ,  u n l l k e  some o f  t h e  
o ther  s o l u t i o n  sequences, does n o t  p e r m i t  t h e  d i r e c t  i n p u t  o f  a s t i f f n e s s  
mat r i x . 
Twenty one CELAS2 cards a r e  needed t o  s p e c i f y  t h e  36 elements o f  t h e  6 by 
6 e f f e c t i v e  hub s t i f f n e s s  m a t r i x .  S i x  CELAS2 cards a r e  used f o r  connect ing 
t h e  at tachment g r i d  p o i n t  t o  ground i n  t h e  d i r e c t i o n  o f  each o f  t h e  s i x  g l o b a l  
degrees o f  freedom (u,,u +,,uz,0x,9y,0,). The r e s t  o f  t h e  CELAS2 cards (15 o f  
them) a r e  used f o r  spec1 y i n g  t h e  cross coup l ing  between t h e  degrees o f  freedom 
a t  t h e  attachment g r i d  p o i n t .  
The s t i f f n e s s  c o e f f i c i e n t s  f o r  t h e  s i x  grounded terms a r e  computed by sum- 
ming a l l  o f  t h e  C o e f f i c i e n t s  i n  each row o f  t h e  e f f e c t i v e  hilb s t i f f n e s s  m a t r i x .  
Each s t i f f n e s s  c o e f f i c i e n t  i s  d e f i n e d  by; 
6 
( i  = 1,6) kl .= j ' -1 Khub i j  
The f i f t e e n  spr ings used t o  couple the degrees o f  freedom a t  t h e  attachment 
g r i d  p o i n t  a r e  de f i ned  by; 
where on ly  the  o f f -d iagona l  c o e f f i c i e n t s  above t h e  d iagonal  o f  t h e  hub s t i f f -  
ness m a t r i x  a re  used. The coup l ing  between the  degrees o f  freedom a t  the  
attachment g r i d  p o i n t  i s  s p e c i f l e d  by i n p u t i n g  each o f  t h e  s t i f f n e s s e s  
i n t o  f i e l d  th ree  o f  t he  CELAS2 cards. The l o c a t l o n  o f  t he  coup l i ng  I s  speci -  
f i e d  by i n p u t i n g  t h e  ith and jth degree o f  freedom numbers i n t o  f i e l d s  f i v e  
and seven, r e s p e c t i v e l y .  The attachment g r i d  p o i n t  i d e n t i f i c a t i o n  i s  s p e c i f i e d  
i n  bo th  f i e l d s  fou r  and s i x  o f  t he  CELAS2 card.  
k i j  t h  
As  an example, assume t h a t  i t  i s  des i red  t o  connect t h e  s t i f f n e s s  m a t r i x  
shown i n  f i g u r e  5(a)  t o  an attachment g r i d  p o i n t  "61". ( A  2 by 2 s t i f f n e s s  
m a t r i x  i s  shown f o r  s i m p l i c i t y .  I n  an a c t u a l  a p p l i c a t i o n  t h e  s t i f f n e s s  m a t r i x  
w i l l  p robably  be 6 by 6.) The f irst row ( 1  = 1) o f  t h e  s t i f f n e s s  m a t r i x  i s  
summed (300t ( -100) )  and the  r e s u l t i n g  sp r ing  va lue i s  s p e c i f i e d  i n  f i e l d  t h r e e  
o f  t h e  CELAS2 card  ( f i g .  5 (b ) ) .  A "1'' I s  s p e c i f i e d  i n  f i e l d  f i v e ,  and the 
at tachment g r i d  p o i n t  i d e n t i f i c a t i o n  i s  s p e c i f l e d  l n  f i e l d  f o u r .  F i e l d s  s i x  
and seven a r e  l e f t  b lank i n d i c a t i n g  t h a t  t he  sp r ing  i s  connected t o  ground. 
Nex t ,  t h e  second row (1 = 2)  i s  summed and t h e  r e s u l t  i s  s p e c i f l e d  i n  t h e  
second CELAS2 card ( f i g .  5 ( c ) ) .  Thts s p r i n g  I s  a l s o  connected t o  ground. 
Only two grounded spr ings  a re  requi red f o r  t h i s  example because t h e  s t i f f n e s s  
m a t r i x  i s  on l y  2 by 2. As p rev ious ly  mentioned, a 6 by 6 m a t r i x  requ i res  the  
s p e c i f i c a t i o n  o f  6 grounded spr ings.  
The coup l i ng  sp r ing  ( k i j  = - ( - l o o ) )  I s  s p e c i f i e d  i n  t h e  CELAS2 card  shown 
i n  f i g u r e  5(d) .  Th is  sp r ing  i s  used t o  couple the  f i r s t  and second degrees o f  
freedom. The NASTRAN program w i l l  au tomat i ca l l y  i n s e r t  a 100 i n t o  t h e  f i r s t  
and second d iagonal  elements o f  the m a t r i x ,  and a -100 i n t o  t h e  o f f -d iagona l  
l o c a t i o n s .  Note t h a t  t h e  100 inser ted  on the  d iagonal  I s  added t o  t h e  values 
t h a t  were p r e v i o u s l y  s p e c i f i e d  v i a  the spr ings i n  f i g u r e s  5(b) and ( c ) .  For 
t h i s  example, on l y  one coup l ing  spr lng i s  requ i red ;  where as f o r  a 6 by 6 
m a t r i x ,  15  coup l i ng  spr ings would be needed. 
V E R I F I C A T I O N  
The proceeding procedure f o r  connect ing the  b lade t o  t h e  hub was v e r i f i e d  
w i t h  a f l a t  p l a t e  c o n s i s t i n g  o f  seven b r i c k  elements ( f i g .  6 ) .  The model i s  
c a n t i l e v e r e d ,  has a l e n g t h  o f  14, a w i d t h  o f  2, and depth o f  0.4. The b r i c k  
elements a r e  l i m i t e d  t o  t h ree  t r a n s l a t i o n a l  degrees o f  freedom a t  each g r i d  
p o i n t .  A l l  seven brqck elements have equal s ize ,  and m a t e r i a l  p r o p e r t i e s .  
V e r i f i c a t i o n  of t h e  de f ined procedure cons is t s  o f  t he  f o l l o w i n g :  
( 1 )  A dynamic ana lys i s  o f  t he  f u l l  f l a t  p l a t e  model descr ibed above. 
Resu l ts  o f  t h i s  ana lys i s  w i l l  a c t  as a c o n t r o l  f o r  t he  f o l l o w i n g  analyses. 
3 
( 2 )  A dynamlc ana lys i s  o f  t h e  reduced f l a t  p l a t e  model shown i n  f i g u r e  7. 
These mat r ices  are a t tached t o  g r i d  p o i n t  33 and then 
This  model i s  generated by s u b s t l t u t i n g  element seven w i t h  I t s  e f f e c t i v e  mass 
and s t i f f n e s s  mat r lces .  
p o l n t  33 i s  at tached t o  the  base w i t h  r l g l d  elements. 
m a t r i x  I s  a p p l i e d  t o  g r i d  p o i n t  33 w i t h  CONMl cards. 
The e f f e c t i v e  mass 
(3 )  A repeat  o f  t h e  a n a l y s i s  i n  t h e  above o m i t t i n g  t h e  e f f e c t l v e  mass 
mat r i x . 
The e f f e c t i v e  mass and s t i f f n e s s  mat r ices  a re  de r i ved  from element seven's 
p roper t y  ma t r i ces  us ing s t a t i c  condensation (see O M I T  card, r e f .  5 ) .  
Table I presents the  f i r s t  bendlng, t o r s l o n ,  and edgewise bending frequen- 
c i e s  recorded f o r  analyses 1 t o  3. For the  th ree  analyses conducted, bo th  
bending frequencles compare favo rab ly  w i t h ,  a t  most, a 2.5 percent  frequency 
s h l f t  between analyses 1 and 3. Also, i t  i s  apparent t h a t  t h e  s i g n i f i c a n c e  o f  
t h e  e f f e c t i v e  mass m a t r i x  I s  n e g l i g i b l e  w i t h  a t  most a 0.03 percent  f i r s t  edge- 
wise bending frequency s h i f t  between analyses 2 and 3. However, added t o r -  
s i o n a l  s t i f f n e s s  e x i s t s  i n  t h e  reduced f l a t  p l a t e  model, r e s u l t i n g  i n  a 
14.3 percent  f i r s t  t o r s l o n a l  frequency s h i f t  between analyses 1 and 3. As 
mentioned I n  t h e  proceeding sec t i on ,  t h i s  added t o r s i o n a l  s t i f f n e s s  i n  analyses 
2 and 3 i s  due t o  the c o n s t r a i n t s  app l i ed  by t h e  r i g i d  elements. These con- 
s t r a i n t s  r e q u i r e  t h a t  t he  bottom face o f  element 6 remains q u a d r i l a t e r a l ,  when 
i n  f a c t  i t  warps i n  t h e  t o r s i o n a l  mode. Because o f  t h e  s i m p l i f i e d  model used 
f o r  v e r i f i c a t i o n  of procedure, t he  e f f e c t s  o f  added t o r s i o n a l  s t i f f n e s s  a re  
more dramat ic.  I n  p rop fan  ana lys i s ,  i t  i s  safe t o  assume t h a t  t h e  added t o r -  
s i o n a l  s t i f f n e s s  due t o  c o n s t r a i n t s  w i l l  be n e g l i g i b l e  because t h e  r i g i d  e l e -  
ments on l y  c o n s t r a i n  a smal l  p o r t i o n  o f  t h e  b lade ' s  base w i t h  respec t  t o  t h e  
s i z e  of t he  model, and t h e  number o f  elements used ( f i g .  3). 
APPLICATION 
The blade chosen t o  assess hub f l e x i b i l i t y  i s  t h e  0.175 sca le  model of 
t h e  GE-A7-B4. The f i n l t e  element model o f  t h i s  blade, a long w i t h  t h e  e f f e c t i v e  
s t i f f n e s s  m a t r i x  c h a r a c t e r i z l n g  hub f l e x i b i l i t y ,  has been prov ided by the  
General E l e c t r i c  Company ( f i g .  8) .  To assess t h e  e f f e c t  o f  hub f l e x i b i l i t y ,  a 
se r ies  o f  l a r g e  displacement and dynamic analyses were performed a t  var ious  
r o t a t i o n a l  speeds uslng MSC/NASTRANls s o l u t i o n  sequence 64 and 63, 
r e s p e c t i v e l y .  
F igu re  9 presents t h e  a d d i t i o n a l  cards i nc luded  i n  t h e  b u l k  da ta  deck o f  
GE-A7-B4's f i n i t e  element model i n  order t o  account f o r  hub f l e x i b i l i t y .  The 
G R I D  card de f fnes  the massless, 6 degrees o f  freedom g r i d  p o i n t ,  757, where 
the  hub f l e x i b i l i t y  m a t r i x  i s  t o  be app l i ed  ( f i g .  10) .  The RBAR cards con- 
s t r a i n  t h e  degrees of freedom o f  g r i d  p o i n t  734, 735, 742, and 743 t o  t h e  
degrees o f  freedom o f  g r i d  p o l n t  757 .  And the  CELAS2 cards add t h e  s t i f f n e s s  
i n f l u e n c e  c o e f f i c i e n t s ,  de f ined by the  e f f e c t i v e  hub s t i f f n e s s  m a t r i x ,  d i r e c t l y  
i n t o  t h e  g l o b a l  s t i f f n e s s  m a t r i x  o f  t he  f i n i t e  element model w i t h  s p r i n g  con- 
s t a n t s  de f i ned  by the procedure s e c t i o n  o f  t h i s  paper. 
and 12. F igu re  11 presents the  magnltude of eading edge t i p  displacements 
versus r o t a t i o n a l  speed, f o r  bo th  r i g i d  and f e x l b l e  hubs. A t  low rpm, t h e  
Resul ts o f  the analyses a re  presented i n  t a b l e s  I 1  and 111, and f i g u r e s  11 
b :  
4 
. 
f l e x i b l e  hub has l i t t l e  e f f e c t  on the s t a t l c  displacement o f  t h e  GE-A7-84. 
However, a t  rpm's g r e a t e r  than 4000, the  I n f l u e n c e  o f  t h e  f l e x i b l e  hub becomes 
notable.  F i g u r e  12 presents  t h e  f i r s t  bending, second bending, f i r s t  t o r -  
s i o n a l ,  and t h i r d  bending elgenvalues f o r  t h e  GE-A7-B4 a t  var ious  rpm's, i n  
bo th  r i g i d  hub and f l e x i b l e  hub conf lgura t lons .  Whi le t h e  f i r s t  bending and 
f i r s t  t o r s i o n a l  f requencies seem t o  be unaf fected by t h e  f l e x i b l e  hub, t h e r e  
i s  an apprec iab le  d iscrepancy between t h e  f l e x l b l e  hub and t h e  r i g i d  hub con- 
f i g u r a t i o n s  concern ing t h e  second bending and t h i r d  bending f requencies.  A lso 
shown i n  f i g u r e  12 i s  an edgewlse mode t h a t  i s  be ing p icked up i n  t h e  f l e x i b l e  
hub c o n f i g u r a t i o n .  The frequency o f  t h i s  mode l i e s  between t h e  second bending 
and f i r s t  t o r s i o n a l  modes. The f i rs t  edgewlse mode was n o t  seen f o r  t h e  r i g i d  
hub c o n f i g u r a t i o n  i n  t h e  lower frequency range. F i g u r e  13 presents  nodal  l i n e  
p l o t s  f o r  t h e  mode shapes discussed above. 
SUMMARY AND CONCLUSION 
The GE-A7-B4 UDF b lade was chosen t o  assess t h e  e f f e c t s  o f  hub f l e x l b l l l t y  
on prop fan  b lade v i b r a t i o n s .  This  blade was chosen due t o  t h e  a v a i l a b i l i t v  o f  . .  
a 6 by 6 noda 
ment model o f  
I n  order  
placement and 
MSC/NASTRAN's 
NASTRAN s o l u t  
s t l f f n e s s  m a t r i x  c h a r a c t e r l z l n q  hub f l e x i b i l i t y .  A f i n i t e  ;le- 
t h e  hub was n o t  a v a i l a b l e .  
t o  assess t h e  e f f e c t s  of hub f l e x l b i l l t y ,  a s e r i e s  o f  l a r g e  d i s -  
dynamic analyses needed t o  be performed a t  var lous  rpm's us ing  
s o l u t i o n  sequences 64 and 63, r e s p e c t i v e l y .  Whi le  most MSC/ 
on sequences a l l o w  f o r  t h e  m o d i f i c a t i o n  o f  t h e  g l o b a l  s t i f f n e s s  
m a t r i x  w i t h  s t i f f n e s s  c o e f f i c i e n t s ,  t h e r e  was no d i r e c t  metbod t o  app ly  t h e  
hub s t i f f n e s s  m a t r i x  t o  t h e  b l a d e ' s  f i n i t e  element model i n  a s o l u t i o n  64 l a r g e  
displacement a n a l y s i s .  A procedure was t h e r e f o r e  developed, and v e r i f i e d ,  
a l l o w i n g  f o r  t h e  c o u p l i n g  between a symmetric s t i f f n e s s  m a t r i x  and a NASTRAN 
f l n i t e  element model i n  a s o l u t i o n  64 l a r g e  displacement a n a l y s i s .  Al though 
t h l s  procedure was demonstrated using an a n a l y t l c a l l y  d e r i v e d  e f f e c t l v e  hub 
s t i f f n e s s ,  I t  i s  e q u a l l y  a p p l i c a b l e  f o r  an exper imenta l l y  obta ined hub 
s t i f f n e s s .  
The e f f e c t  o f  hub f l e x l b l l i t y  on steady s t a t e  displacement and f requenc ies  
has been shown t o  be s i g n i f i c a n t  f o r  t h e  GE-A7-B4 Unducted Fan b lade.  A drop 
i n  t h e  second bending, t h i r d  bending, and f i r s t  edgewlse modal f requenc ies  may 
have a s i g n i f i c a n t  impact on any a e r o e l a s t i c  a n a l y s i s  c o n d u t e d  on t h e  b lade.  
Overa l l ,  i n  o rder  t o  i n s u r e  accuracy I n  analyses o f  o t h e r  p rop fan  b lades,  
hub f l e x i b i l i t y  should always be considered. I f  hub f l e x i b i l i t y  e f f e c t s  a r e  
n o t  assessed, t h e  accuracy o f  t h e  r e s u l t s  w i l l  be quest ionable.  
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TABLE 11. - GE-A7-B4 LEADING EDGE T I P  
DISPLACEMENTS: R IGID  HUB VERSUS 
FLEXIBLE HUB (PERCENT SPAN LENGTH) 
3000 
4000 
5000 
6000 
7000 
8000 
F T - R l g l d  hub ( F l e x l b l e  hub I 
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.5527 .6496 
.6104 .7682 
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TABLt 111. - GE-A7-84 MODAL FREQUENCILS ( H Z )  
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577.07 502.77 
675.21 
757.46 748.47 
1215.19 1120.14 
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FIGURE 1. - PROPFAN. FIGURE 2. - PROPFAN ASSEMBLY. 
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